We have reported the presence of discogenic visceral pain secondary to anterior herniation of the lumbar disc. The aim of this study was to observe the inflammatory response of the sympathetic trunk to an autologous degenerative nucleus pulposus (NP) injection under fluoroscopy. Methods: A total of 72 rats were used. In 24 rats, the autologous NP suspension was injected into the right sympathetic trunk. Next, food intake and body weight of each rat were monitored for 14 days. Fourteen days after the injection, the right lumbar sympathetic trunk was harvested for histological assessment, and protein levels of IL-1 β, IL-6, and TNF-α were quantified via ELISA. Results: In the NP-treated group, endoneural hyperemia and intensive infiltration of inflammatory cells could be identified in sections of the sympathetic trunk by the hematoxylin and eosin (H&E) stain. Meanwhile, elevated concentrations of IL-1 β, IL-6, and TNF-α were determined in the sympathetic trunk of the NP group as compared to that of the naïve and control groups, which indicated the development of an inflammatory response. Furthermore, food intake and body weight of rats in the NP group decreased significantly. Conclusions: The results indicated that an inflammatory response in the sympathetic trunk can be caused by anterior herniation of the lumbar disc, which can generate a sympathetic inflammatory pain response.
Introduction
It is well known that chemical radiculitis may result from a tear of the annulus fibrosus permitting leakage of material from the pulposus that can irritate nerve roots and cause radiculopathy. Some patients with large herniations have no radicular symptom; in contrast, some patients with no evidence of disc herniation show severe radiculopathy [1] . Compression of the nerve root by a herniated disc has been suggested to partially explain the physiopathology of radicular pain. Neuro-inflammation, instead of pure mechanical compression, may underlie the pathophysiology of radicular pain, and the maintenance of this neuroinflammation may be the most important mechanism for the chronification of radicular pain [2] . Neuroinflammation induced by the contact of the nucleus pulposus (NP) with the spinal nerve has been accepted as a cause for radicular pain [3, 4] . An epidural steroid injection that can reduce neuro-inflammation is one of the most commonly used treatments for radiculopathy [5] . The NP is normally secluded from the immune system since its embryologic formation. The NP may extrude out of the annulus fibrosus (AF) to the adjacent nerve tissue during an AF tear or disc herniation. Then, an autoimmune response develops: the leakage of the NP may produce neuro-inflammation leading to the radicular pain.
An anterior lumbar disc herniation is not rare in clinical cases [6, 7] . Given the location of the sympathetic nerve trunk being immediately anterior to the lumbar spine, it is logical that these nerves might be affected by NP leakage caused by anterior disc herniation. Nonetheless, anterior herniation is seldom considered as one of the sources of sympathetic nerve-related syndromes, despite many studies having confirmed a sympathetic pain pathway [8] [9] [10] [11] . Therefore, there is a possibility that anterior herniation of the lumbar discs may induce sympathetic inflammatory pain. We have reported that 12 patients suffered from sympathetic abdominal pain induced by anterior disc herniation; the extruded NP infiltrating into nearby sympathetic nerves, resulting in sympathetic neuritis, may be the main reason for this pain [12] .
The objective of the present work was to observe if application of degenerative autologous NP tissue to the lumbar sympathetic trunk could induce sympathetic inflammation. Through this work, we sought to test the hypothesis that NP leakage during anterior disc herniation resulted in sympathetic inflammatory pain. In addition, we improved the annular needle puncture model of intervertebral disc degeneration in rat tail by means of fluoroscopic guidance.
Materials and methods

Animals
All experiments, animal care and surgical procedures were approved by the Institutional Animal Care and Use Committee of Capital Medical University.
Male Sprague-Dawley rats, aged 8-10 weeks and weighing 250-300 g, were housed in a temperature maintained room (24-25 °C ), illuminated for 12 h (08:00-20:00) everyday. Food and water were avai-lable ad libitum. Rats (n = 72) were randomly divided into naïve (n = 24), control (n = 24), and NP-treated (n = 24) groups.
Surgical procedure
For all surgical procedures, the rats were anesthetized with an intraperitoneal injection of sodium pentobarbital (50 mg/kg) under sterile conditions to prevent infection. We established a rat model for intervertebral disc degeneration based on a previous report [13] . A 35-gauge needle was inserted from the midline of the tail skin, parallel to the endplates, into the center of Co4/5 to Co8/9 discs, under fluoroscopy (Figure 1a) . Several seconds later, the needle was removed, and pressure was applied at the puncture point for hemostasis.
After 2 weeks, for the discogenic sympathetic neuritis model, 24 rats from the NP-treated group were anesthetized under sterile conditions. The autologous NP suspension was made with the 5 NP of the Co4/5 to Co8/9 discs, which were extracted after the rat tail was cut, and 0.5 mL saline. Using fluoroscopic guidance, a 35-gauge (3.8 cm) needle was guided to the anterolateral border of the L2/3 disc. All injections were performed on the right side of the rat. Anteroposterior and lateral fluoroscopic images were used to guide the needle to the correct position. Once the needle was in the correct position, 0.5 mL contrast medium (omnipaque-180 dye) was injected that showed a good anterolateral spread of the solution (Figures 1b and 1c) . Then, the prepared autologous NP suspension (0.5 mL) was injected into the sympathetic trunk. Several seconds later, the needle was removed, and pressure was applied at the puncture point for hemostasis. In the control group, only the tail was cut down and the same dose of saline without NP was injected into the rats. For the naïve group, no surgical procedures were performed.
Body weight and food intake record
Rats were single-housed, and had ad libitum access to standard laboratory chow and water. On the day after the sympathetic trunk injection, and every day thereafter, the weight and the amount of food intake of each rat were measured between 8:00-9:00 a.m. We continued to record data daily, for 14 days, after which, samples were collected, and the rats were sacrificed.
Histology observation
Hematoxylin and eosin (H&E) stained sections were examined for histological changes in the sympathetic trunk. Six rats were randomly selected from every group and anesthetized to extract the right L1-5 sympathetic trunk tissue. After fixing the tissue in 10% neutral buffered formalin, the specimens were decalcified in 10% ethylene-diamino-tetraaceticacid solution and then embedded in paraffin wax. The specimens were sectioned longitudinally in the sagittal plane at 5-μm intervals. The sections were stained with H&E to evaluate the morphological changes in the sympathetic trunk.
Enzyme-linked immunosorbent assay
Quantitative determination of IL-1 β, IL-6, and TNF-α protein levels was performed on the right L1-5 sympathetic trunk tissue harvested 14 days after the autologous NP injection. Three sympathetic chains were grouped as 1 test sample to obtain enough quantitative data. Therefore, the 18 sympathetic trunks from rats in each group served as 6 test sample. In brief, weighed sections of sympathetic trunk were homogenized. IL-1 β, IL-6, and TNF-α levels were analyzed by enzyme-linked immunosorbent assay (ELISA) kits, which were obtained from the Neobioscience Technology Company (China), according to manufacturer's instructions. Values were expressed as pg/mg of protein.
Statistics
Statistical analysis was performed using statistical package for the social sciences version 17.0 (SPSS, Chicago, IL, USA). Mean food intake, body weight, and ELISA data were analyzed by repeated-measured analysis of variance (ANOVA). Results described as significant based on a criterion of p＜0.05.
Results
Body weight and food intake record
After the NP was injected into the sympathetic trunk, and every day thereafter, the weight and the amount of food intake of each rat were monitored (Figure 2) . The data show changes in food intake and body weight after the sympathetic trunk injections. All rats exhibited comparable baseline of food intake and body weight. A significant decrease in body weight was observed in the NP group on PD (post sympathetic trunk injection) 3-13 as compared to that in the naive group; and a decrease on PD 9-14 when compared to the control group (p < 0.05). Meanwhile, a significant decrease in food intake was measured on PD 8-13 in the NP group when compared to the naïve and control groups (p < 0.05).
Histology observation
In the naïve and control groups, there was no inflam- matory reaction in the sympathetic trunk. However, in the NP group, endoneural hyperemia without endoneural bleeding and infiltration of inflammatory cells was observed, which indicated the development of an inflammatory response (Figure 3) .
Enzyme-linked immunosorbent assay
Sympathetic trunk tissue was collected for the quantification of cytokine (IL-1 β, IL-6, and TNF-α) levels by ELISA. The concentration of IL-1 β, IL-6, and TNF-α in the NP group were all significantly higher than those in the naïve and control groups (p < 0.05, Figure 4) , indicating the development of sympathetic neuritis.
The naïve and control groups showed no significant differences.
Discussion
Each intervertebral disc, consisting of an outer annulus fibrosus (AF) and an inner nucleus pulposus (NP), is present between adjacent vertebrae in the spine. The NP of the disc mainly acts as a shock absorber, absorbing the impact of the body's daily activities. When a disc bulges or migrates out of the normal intervertebral space because of degeneration or trauma, disc herniation occurs. The radicular pain associated with posterior herniation of the lumbar intervertebral discs has been extensively investigated. Inflammatory responses induced by the leakage of the NP from the posterior herniation of a lumbar disc have been confirmed to be the main reason for radicular pain [4, 14, 15] . The sympathetic trunk is apposed to the anterior surface of the spine, leaving it vulnerable to insult associated with NP leakage caused by the herniation. Although clinical cases of anterior lumbar disc herniation have been reported [6, 7] , only one patient with symptoms of abdominal pain secondary to anterior disc herniation has been reported [16] . The authors speculated that irritation of the sympathetic nervous system by anterior herniation of lumbar disc was the primary cause of the pain, and this speculation was supported by our case series [12] . However, this hypothesis has not been confirmed. The current study injected autologous NP into the lumbar sympathetic trunk and the results showed that endoneural hyperemia and intensive infiltration of inflammatory cells in the sympathetic trunk via histological observation. Further, elevated concentration of IL-1 β, IL-6, and TNF-α were observed via ELISA in the NP group, which indicated an obvious inflammatory response caused by the NP injection. Furthermore, food intake and bodyweight decreased significantly in the NP group, as compared to the naïve and control groups, which indicated sympathetic abdominal pain may be induced by the inflammation response.
An animal model was used in this study to imitate clinical anterior herniation of the lumbar disc precisely. The rat model of disc degeneration, in which the degenerative disc is obtained from the punctured disc of the tail, has been previously reported [13] . In the present study, we first improved this model. In a report by Zhang et al., longitudinal incisions were made along the tail to expose the lateral portion of tail disc. Then, they inserted a needle into the disc using palpitations. The incision was closed using 3-0 silk sutures, after the needle was removed. We used fluoroscopic guidance for this procedure, therefore no incisions were needed. With our improvement to the procedure, a more efficient puncture location (position and depth) was created, the rats endured lesser trauma, and the procedure was completed faster. Two weeks later, we also injected the treated group with the autologous degenerative NP suspension, by injecting it into the right sympathetic trunk under fluoroscopic guidance, and compared them to the rats undergoing simple saline injection. Fluoroscopic guidance of the injection minimizes the trauma of surgery caused by exposing the lumbar sympathetic trunk [17] . The trauma of injection using this technique is lesser than that caused by the retroperitoneal surgical approach of NP transplantation.
The role of local proinflammatory cytokines in the inflammatory response and the generation of nervous inflammation after disc herniation is well known. Andrade et al. [3] reported that IL-1 β and IL-6 can be secreted by discs biopsies from LDH patients; de Souza et al. [4] reported that the rat disc can secrete the highest concentrations of IL-1 and TNF-α. Zhang et al. [13] also reported significant increase in the expression of TNF-α positive neurons in DRG. However, cytokines could be secreted from both disc-derived cells or infiltrating inflammatory cells in the herniated nucleus pulposus. Rand et al. [18] reported cultured murine disc-derived cells have the capacity to secrete a 75-fold increase of IL-6 and a 150-fold increase in IL-10 after lipopolysaccharide stimulation; however, IL-1 and TNF-α was not secreted. Therefore, IL-1 and TNF-α may be secreted by infiltrating inflammatory cells. Pro-inflammatory cytokines such as IL-1 β， IL-6, and TNF-α, have particularly been known to contribute to radiocular pain. Moreover, from present studies, we know they are secreted by different cells (disc-derived cells or infiltrating inflammatory cells). Thus, we selected these 3 cytokines to examine the inflammatory response.
Elevated levels of pro-inflammatory cytokines may correlate with the generation of pain disorders. Uceyler et al. [19] investigated whether cytokine profiles differ between patients with painful or painless neuropathy. They found that in patients with painful neuropathy, the pro-inflammatory cytokines, IL-2, and TNF-α, are significantly increased. Therefore, proinflammatory cytokine profiles seem to be associated with pain in the setting of peripheral neuropathy. Koch et al. [20] also found that the level of pro-inflammatory cytokines (IL-1 β, IL-2, IL-6, IFN-γ, and TNF-α) in the plasma was significantly increased in patients with severe chronic pain. LDH patients showed higher concentration of IL-1 β, IL-6, IL-8, and especially TNF-α when compared with patients suffering from other type of back pain [21] . In our study, we also found the pro-inflammatory cytokines, IL-1 β, IL-6, and TNF-α, were at a higher concentration in the NP group. Therefore, by detecting pro-inflammatory cytokines in the sympathetic trunk, we believe that a local inflammatory process and release of cytokines occurs in the sympathetic trunk during an inflammatory response induced by the NP, which plays a fundamental role in the development of pain.
The idea of radicular pain induced by posterior herniation of a disc being mainly related to spinal nervous inflammation has now been accepted. Inflammation of the spinal nerve root induced by autologous NP has been documented by many experimental animal studies [21] . Results of the current study support the concept that nerve inflammatory responses may be associated with NP leakage. The most interesting finding of this study was that an inflammatory reaction could develop in the sympathetic nerve that is located at the front of the spine. Lumbar sympathetic nerves branch into lumbar splanchnic nerves, which innervates visceral organ. Nociceptive stimuli of abdominal organs are transmitted almost entirely by the sympathetic nervous system. Furthermore, a sympathetic pain pathway has been confirmed. Based on this information, we inferred that anterior herniation of the lumbar intervertebral discs could lead to the development of pain caused by inflammation of the sympathetic nerve. Food intake and body weight of rats in the NP group decreased significantly as compared to those of the naïve and control groups, which also indicated the occurrence of pain induced by sympathetic inflammation. However, the main limitation of this study is that there is no ideal method of monitoring sympathetic pain.
Conclusions
The results of this study show that a herniated nucleus pulposus may elicit an inflammatory response in the sympathetic trunk of rats. Clinically, the results may indicate that some patients with abdominal pain may develop this pain because of a sympathetic inflammatory response, if they are also suffering from an anterior lumbar disc herniation. Further studies are needed to elucidate the pain mechanism and central nervous system pathways.
